In this paper, we study unitary operators and the superposition of unitary operators. We calculate the the superposition of unitary operators and find that some unitary operators superposition is also unitary operator. Furthermore, via this property, we discuss the set of orthogonal maximally entangled states. For 2,3,4,5-qubit, we introduce the complete sets of orthogonal maximally entangled states. We find that orthogonal basis of maximally entangled states can be divided into k subspaces. It is shown that some entanglement properties of superposed state in every subspace are invariant.
INTRODUCTION
Entanglement is considered to be the most important resource for quantum information and computation. It is, therefore, essential to exploit entangled states and reveal their entanglement properties with respect to the usefulness for given quantum information tasks 123 .Non-locality is, on the other hand, one of the astonishing phenomena in quantum mechanics 45 .In recent yearsentanglement has a great many perspective applications in quantum computing and quantum information. Recently a new question has been raised concerning of the entanglement of the superposed states 67891011121314 .It is known that the entanglement property may change drastically under superposition. For example in Ref 13 ,superposition of two product states may yield a GHZ state and, on the contrary, superposition of two GHZ states may lead to a product state. Preeti Parashar and Swapan Ranat 15 calculated the analytic expression for geometric measure of entanglement for arbitrary superposition of two N-qubit canonical orthogonal Greenberger-Horne-Zeilinger(GHZ) states and the same for two W states. Seyed Javad Akhtarshenas 16 investigated lower and upper bounds on the concurrence of the superposition of two states. For a state constituted by several superposed states, what are its quantum entanglement properties? How is it related to the several constituents and to the coefficients? Whether can we find that entanglement properties are invariant for a state constituted by several superposed states? In this paper, we will explicitly calculate the the superposition of unitary operators. Furthermore, we analyze the entanglement properties of the superposed state of orthogonal maximally entangled states.
II.THE SUPERPOSITION INVARIANCE OF UNITARY OPERATORS
Let us consider operators
It is easy to show those operators X,Y,Z,I are unitary operators.Now let us look at
If superposition coefficientsc 1 , c 2 are real numbers and c 2 1 + c 2 1 = 1.It is easy to show operator A is also a unitary operator. Similarly , if
We can show that operator B is also a unitary operator. Similarly , we know that
Then we obtain
We know that operators
Assume superposition coefficientsc 1 , c 2 , c 3 , c 4 are real numbers and c 2 1 + c 2 2 + c 2 3 + c 2 4 = 1.It is easy to show that operator is also a unitary operator.Similarly , if
It is easy to say thatoperators U 2 12 , U 3 12 , U 4 12 are also unitary operators.It can be show that U i 12 = U 1 ⊗ U 2 , i = 1, 2, 3, 4. i.e.those operators cannot transfer into two operator products. But for some special cases,for example,if c 3 = c 4 = 0,we have
Ifc 1 = c 2 = 0 ,we have
In this case,superposition operator are not only unitary operator,but also two unitary operator products.
THE SUPERPOSITION INVARIANCE OF MAXIMALLY ENTANGLED BASIS
Let us assume that {|ϕ 1 , |ϕ 2 ..., |ϕ n } ,are a set of conplete orthogonal maximally entangled states that constitude the orthogonal basis,These states can be divided into k sets {|ϕ 1 k , |ϕ 2 k ..., |ϕ m k }, k = 1, 2..., l ,certainly,ml = n. Where ϕ i k |ϕ j l = δ kl δ ij , and
And U j is a unitary operation acting on the Hilbert space of the jth party.
In subspace,we find that some etanglement properties of superposed state
Is invariant.
For two-qubie system
It is well known that there are four orthogonal maximally entangled states,i.e.four Bell states
On the other hand,we know that
The superposition of two states in the same sets is
For ,the superposition state
We have |ψ s = c 1 I 1 + c 2 Y 1 |ϕ + ,by using Eq (3),it is not difficult to find that the superposition states is also maximally entangled state. Similarly,the superposition state |ψ s = c 1 |ϕ − + c 2 |ψ + is also maximally entangled state.
For three-qubie system
There are eight orthogonal maximally entangled states,i.e.eight GHZ states
On the other hand ,we know that 
Obviously,the superposition of two states in the same sets is
And which is also maximally entangled state.
For four-qubit system
There are sixteen orthogonal maximally entangled states,i.e.sixteen cluster states 17 .These states can be divided into 4 sets {|ϕ 1 k , |ϕ 2 k , |ϕ 4 k , |ϕ 4 k }, k = 1, 2, 3, 4. where ϕ i k |ϕ j l = δ kl δ ij We have
And
It is easy to show that π 12 = T r 12 ρ 2 12 = 1 4 for sixteen cluster states.The superposition states in the same sets is Therefore,the entanglement property of superposed state π 12 is invariant.
For a maximally entangled five-qubit state
Brown et al. 18 have achieved it.And it can be expressed as |ψ 12345 = 1 2 (|001 |φ − + |010 |ψ − + |100 |φ + + |111 |ψ + ) 12345 (23) Where|ψ ± = 1 √ 2 (| 00 ± | 11 ), |φ ± = 1 √ 2 (| 01 ± | 10 )are Bell states.Eq.(23) can be rewritten as
For five-qubit ,there are 32 orthogonal maximally entangled states, 
